Objective: To determine whether a self-reported, subjective general health assessment tool can provide prognostic information about survival in patients with head and neck cancer.
T
HE TNM STAGING SYSTEM IS one of the most powerful predictors of cancer survival. It considers the size and extent of the primary tumor (T), regional nodal disease (N), and the presence of distant metastases (M). However, given the crucial role of an accurate prognosis in clinical decision making in patients with head and neck cancer, it is instructive to explore the value of predictive factors beyond the index malignancy. The TNM system does not consider the presence or extent of other unrelated illnesses, medical conditions, or the patient's general state of health and well-being, all of which may have a substantial effect on all aspects of patient management, from the initial assessment through treatment selection and management of complications to outcome evaluation.
In 2000, Piccirillo 1 demonstrated that, in patients with head and neck cancer, the rate of comorbidities is high compared with that in patients with other common cancers. He also noted that the severity of comorbidities correlated with overall survival, independent of other cancerrelated factors, and suggested that a composite TNM-comorbidity staging system may have clinical utility. 1 A variety of tools exist for assessing the presence and severity of comorbidities. One of the original instruments is the Kaplan-Feinstein Comorbidity Index (KFCI), 2 which was developed for use in patients with diabetes. A more recent modification of the KFCI, the Adult Comorbidity Evaluation-27(ACE-27), was developed and validated specifically for use in adult patients with cancer and considers several conditions not included in the KFCI, such as dementia, diabetes, and AIDS. 1, 3, 4 Data needed to generate a comorbidity severity score of 0 to 3 are collected from the medical record. Several studies have found this instrument to be predictive of surgical complications [5] [6] [7] and overall survival 1, [8] [9] [10] in patients with head and neck cancer, but correlation with disease-specific survival has been less consistent. 9, 10 A potential limitation of the ACE-27 is that, while it objectively evaluates the combined number and severity of ailments in a given patient, it does not assess the pa-tient's subjective sense of health and well-being. The Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36) is an instrument designed to quantify patients' perceptions of their general physical and mental health and is thought to reflect the relative personal burden of disease. The SF-36, a self-report survey completed by the patient, assesses multiple concepts, including limitations of physical, social, and role activities as a result of health or emotional problems; pain; psychological distress; sense of well-being; energy level; and general perception of health.
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For purposes of statistical analysis, subscores in these areas are pooled into 2 composite summary scores (on a scale of 0 to 100) that indicate overall physical and mental health. These are the physical component summary (PCS) and the mental component summary (MCS). 12 General health status differs from comorbidity because it takes into account the combined ailments of the patient and their effect on the patient's perception of overall well-being. Thus, while their ACE-27 comorbidity ratings will be equal, patients with more prolonged recovery periods from similar illnesses will likely have a different self-assessment of general health status on the SF-36. The rating is influenced by the patients' environment, social support, outlook, and attitudes, all factors that would not be reflected in their comorbidity score.
General health scores may also reflect patient demographics, such as age and income, that are likely to affect the patients' ability to manage their cancer and comorbidities. Furthermore, while the comorbidity score does not reflect the index cancer, it is to be expected that a recent cancer diagnosis will have a negative effect on patients' selfassessment of their general physical and mental health. Although the ACE-27 has been shown to correlate with overall survival in patients with head and neck cancer, selfreported measures of general health may also be predictive of head and neck cancer outcomes, particularly response to therapy and disease-specific survival.
The primary goal of the present study was to evaluate pretreatment comorbidity (assessed using the ACE-27) and patient-reported assessments of general physical and mental health (using the SF-36) to determine whether these measures predict observed or diseasespecific survival or both in a large group of patients with head and neck cancer.
METHODS
This prospective observational cohort study included patients enrolled in the Outcomes Assessment Project (OAP) between January 1, 1995, and November 30, 2004. The OAP is a longitudinal study of individuals with upper aerodigestive tract carcinomas being managed by the Department of OtolaryngologyHead and Neck Surgery at The University of Iowa Hospitals and Clinics. The study collects patient-, disease-, and treatmentrelated data and asks participants to submit a battery of healthrelated quality-of-life surveys at pretreatment, then at 3, 6, 9, 12, 24, 36, 48, 60, and 120 months. Survival information (eg, date of last contact and patient and disease status at last contact) is updated periodically. Enrollment was offered to all patients with biopsy-proved squamous cell carcinoma of the upper aerodigestive tract. The primary site was categorized as the oral cavity, oropharynx, hypopharynx, or larynx. Pathological stage was recorded when available; otherwise, clinical stage was used. This study was conducted with the approval of The University of Iowa institutional research review board.
The ACE-27 provides a detailed assessment of current illnesses and diseases and generates an overall score that categorizes comorbidity as none (0), mild (1), moderate (2), or severe (3). For this study, a reviewer retrospectively assigned OAP participants a pretreatment comorbidity score based on medical chart information that was available at or before the initiation of their cancer-directed treatment. The index condition (head and neck cancer) was not classified as a comorbidity.
The SF-36 11 was included in the battery of surveys administered to OAP participants. It enables respondents to assess their general health and generates 2 composite summary scores representing overall physical health, the PCS and the MCS. 12 These scores are normalized on a scale of 0 to 100, with higher scores representing better functioning. For selected analyses in this study, the PCS and MCS scores were categorized on the basis of quartile ranges established for average SF-36 scores obtained from the general population aged 55 to 64 years (ie, the reference distribution of scores for a similarly aged group of random respondents). This control group differed somewhat in age compared with the study group; however, this was the most appropriate age match available. As part of the OAP, the SF-36 is administered at the previously mentioned time points. In this study, only pretreatment SF-36 scores were used. Statistical analyses were performed using SPSS statistical software (version 13.0 for Windows; SPSS Inc, Chicago, Ill). The actuarial method was used to calculate 5-year observed survival (the end point was death from any cause) and diseasespecific survival (the end point was death with cancer present). A Pearson correlation was performed to determine the association between the ACE-27 comorbidity index and SF-36 composite (PCS and MCS) scores. Cox proportional hazards regression analyses were performed to determine whether the comorbidity index, PCS, or MCS was independently predictive of observed or disease-specific survival or both. When disease site and stage were included in the model, a small group of patients with unknown primary or unstageable tumors was excluded from these analyses. Results were considered significant at PϽ.05.
RESULTS
Of the 1334 patients who met the eligibility criteria for the OAP between January 1, 1995, and November 30, 2004, 919 (68.9%) were enrolled and comorbidity data had been collected for 840 of these patients (91.4%) when the present study was initiated. Of the 840 patients with comorbidity data, 571 (68.0%) had also filled out a pretreatment SF-36.
General characteristics of the 571 patients included in this study are given in Table 1 . Their mean age was 59.7 years, and approximately two thirds (67.1%) were men. According to the ACE-27 clinical rating, 150 patients (26.3%) had no comorbidities when their cancer was diagnosed (Figure 1 ). Most patients (229; 40.1%) had mild comorbidities, 125 patients (21.9%) had moderate comorbidities, and 67 patients (11.7%) had severe comorbidities. The distribution of SF-36 scores for the 571 patients studied were ranked on the basis of a comparison with the quartile distribution of a similarly aged, randomly sampled group from the general population (Figure 2) . Only 21 patients (3.7%) and 149 patients (26.1%), respectively, had PCS and MCS values in the fourth (best) quartile. The largest proportion of composite scores was in the first (worst) quartile: 43.1% (246 patients) and 41.0% (234 patients) for the PCS and MCS, respectively. Figure 3 shows the mean pretreatment PCS and MCS scores in patients stratified by each of the 4 pretreatment comorbidity ratings. The mean PCS score decreased (worsened) as the level of comorbidity increased, ranging from 46.6 in patients with no comorbidities to 32.0 in patients with severe comorbidities. A similar trend was not observed for the MCS, which exhibited no significant variation with increasing comorbidity index. The results of a Pearson correlation analysis indicated that the association between the ACE-27 comorbidity rating and the PCS was significant (PϽ.001), although the Pearson correlation coefficient of −0.39 indicated a relatively weak correlation, with comorbidity accounting for only 15.3% of the variance in patient- reported general physical health. The MCS did not correlate with the comorbidity index (P=.14). Figure 4 shows 5-year observed and diseasespecific survival for each of the ACE-27 comorbidity rating groups. Observed survival demonstrated a consistent downward trend from 67.2% for no comorbidities to 42.0% for severe comorbidities. Five-year diseasespecific survival was essentially unchanged across the comorbidity groups, although there was a slight decrease in survival in the severe comorbidity group (63.2% vs 74.8% in the moderate group).
Five-year survival data are shown in Figure 5 , with the patients grouped by quartiles of the PCS generated from the SF-36. Because of the small number of patients and limited follow-up in the fourth (best) quartile (2 of 21 patients had 5-year follow-up), actuarial survival could not be calculated for this group. (These patients were not eliminated from subsequent multivariate regression analyses because, in that setting, the PCS is treated as a continuous variable.) However, across the third through first quartiles, both observed and disease-specific survival demonstrated a stepwise reduction as the PCS indicated worse general health. Observed survival trended from 77.6% to 44.9%, whereas disease-specific survival decreased from 83.4% to 66.4%. There was no trend in observed or disease-specific survival for patients grouped by quartiles of the MCS (data not shown).
Multivariate regression analyses were performed to determine whether comorbidity rating, self-reported health scores, or both were independently predictive of observed or disease-specific survival or both. Two regression analyses were performed for each type of survival: the first analysis included the 3 general health measures assessed in the current study, and the second analysis additionally incorporated site and stage of disease. The results for observed survival indicated that comorbidity rating (P=.002) and PCS (PϽ.001) were both independently associated with 5-year observed survival rates ( Table 2) . The results were similar when site and stage were included in the model, with comorbidity rating (P=.003) and PCS (PϽ.001) remaining independently predictive of 5-year observed survival in addition to disease stage (PϽ.001).
The hazard coefficients were exponentiated to demonstrate the change in mortality risk for each unit change in the significant parameters in the model. The risk ratio (exponential beta coefficient) values for comorbidity rating, PCS, and stage were 1.25, 0.97, and 1.36, respectively. Thus, a 1-level increase in comorbidity rating (worse comorbid disease) or stage (more extensive disease) results in a 25% or 36% increase in overall mortality risk at 5 years, respectively. A 1-point decrease in the physical health composite score (worse overall health) was associated with a 2.7% increase in overall mortality risk at 5 years.
When similar analyses were performed for diseasespecific 5-year survival, the PCS was the only general health measure that exhibited an independent association (P = .001; Table 2 ). When site and stage were included in the model, the PCS (P=.004) remained independently associated with 5-year disease-specific survival, ) indicates relative mortality risk for a single unit increase in each tested variable; that is, 1 level from 0 to 3 for comorbidity index, a single point from 0 to 100 for the physical or mental component summary, and 1 level from I to IV for cancer stage.
†Model did not include disease factors, and analysis was performed in 571 patients with head and neck cancer. ‡Risk ratios only provided for significant associations. §Model included disease factors, and analysis was performed in 487 patients with cancers of the oral cavity, oropharynx, hypopharynx, and larynx.
in addition to disease stage (PϽ.001). The risk ratios (exponentiated hazard coefficients) indicated that a 1-level increase in stage and a 1-point decrease in the PCS were associated with a 54% and 2.5% increase in 5-year diseasespecific mortality risk, respectively.
COMMENT
The distribution of ACE-27 comorbidity ratings in these patients with head and neck cancer is similar to that observed in other studies. 1, 7, 9, 10 Clearly, the selection criteria for the study group will affect this distribution. In the present study, the largest group of patients had mild comorbidities, followed by no and moderate comorbidities. This distribution is not unexpected given the age of the patients studied.
In the current study's patient sample, the SF-36 instrument is predictive of both overall and diseasespecific survival. This finding suggests that this tool captures prognostic information related to the cancer state. The use of comorbidity evaluation in conjunction with stage improves the ability to predict overall survival prognosis in patients with head and neck cancer. This study demonstrates that the use of self-reported health status, in conjunction with cancer stage, adds to the prediction of both observed and disease-specific survival.
There was a discrepancy between comorbidity indices and self-reported PCS and MCS scores using the SF-36. When distributed on the basis of quartile cutoffs of normative reference values from a similarly aged sample of the US population, less than 4% of patients scored in the fourth (best) quartile on the PCS, representing a negative self-assessment. This percentage increases consistently across quartiles, with more than 40% of patients scoring in the first (worst) quartile. By comparison, only 11.7% of patients objectively scored in the most severe comorbidity category. A similar trend exists for the MCS, except that a larger proportion of patients (26.1%) scored in the fourth quartile. However, more than 40% of patients placed themselves in the worst category for general mental health.
This discrepancy may arise largely because the ACE-27 does not take into account the index tumor. At the initial SF-36 assessment, patients would have been experiencing the physical and psychological stressors of a new cancer diagnosis, which likely altered their selfperception about both physical and mental health. As shown in Figure 3 , patients with significantly more severe comorbidities had essentially the same MCS scores as patients with no or mild comorbidities, which suggests that the variation in the PCS score is primarily related to the patient's perceptions of physical health deficits. This concept is in agreement with previous findings by Funk et al 13 in a similar population. After treatment, many of these patients' SF-36 scores may improve; however, it is unlikely that their comorbidity index scores will change significantly.
In the present study, both pretreatment ACE-27 comorbidity rating and SF-36 PCS scores were independent predictors of observed survival (Table 2) . Comorbidity rating was not, however, a predictor of diseasespecific survival. The pretreatment PCS score was an independent predictor of disease-specific survival, which suggests that this measure is influenced significantly by the severity of the head and neck cancer.
Many studies support the value of comorbidity in predicting mortality; a variety of comorbidity indexes have been studied in the context of multiple different cancers, and it has now become generally accepted that, in most cases, worsening comorbidities result in decreased overall survival. The recent literature contains several studies that demonstrate a relationship between ACE-27 comorbidity rating and observed survival in head and neck cancer. However, there are conflicting data on the relationship between comorbidity and diseasespecific survival. In 2000, Piccirillo 1 used a modified version of the KFCI, which would ultimately become the ACE-27, 3 to demonstrate a correlation with 2-year overall survival rates in patients with head and neck cancer. Chen et al 8 studied 182 patients with advanced laryngeal cancer and found the modified KFCI to be predictive of overall survival but not disease-specific survival. When stratified into 2 groups by the modified KFCI, there was no difference between the groups in time to first recurrence. Similarly, Borggreven et al 10 found that an ACE-27 rating of 3 predicted worse overall survival compared with a rating of 2 or lower; the disease-free interval and tumor-specific survival were not significantly different between the 2 groups. On the other hand, Paleri et al 9 found the ACE-27 score to be predictive of both 5-year overall and disease-specific interval.
Other authors have studied comorbidity in relation to treatment-related complications. Singh et al 5 noted an increase in severity of complications in patients with a KFCI score of 2 or 3, although the number of complications did not increase. The ACE-27 comorbidity rating was noted by Ferrier et al 7 to predict an increase in major complications in patients with surgically treated head and neck cancer. In a study of 100 consecutive patients with advanced oral cavity or oropharyngeal squamous cell carcinoma who underwent excision and microvascular reconstruction, an ACE-27 rating of 2 or higher was a strong predictor of moderate to major postsurgical complications. 6 As with all prospective outcomes studies, there is a selection bias toward patients who are willing to participate in a study and those who will accurately and completely fill out the questionnaires. The general assumption is that these patients are healthier and do better than patients who refuse to participate or drop out. In addition, our study numbers are reported on the basis of our intent to enroll. Unfortunately, we can gather and report no information about the patients who declined to participate. Comparison between OAP-enrolled patients with and without complete data allowing participation in this study did not reveal any significant differences in mean age, cancer stage, or comorbidity, indicating that our results are representative of the patients enrolled in the OAP. Our study included 571 patients with a mean age of 59.7 years; mean comorbidity grade was 1.2. Cancer was in the early stage in 33.8% and the advanced stage in 61.3%, and was not staged in 4.9%. In 269 OAP-enrolled patients not included in our study be-
